UNCLASSIFIED 


AD  NUMBER 


AD-360  135 


CLASSIFICATION  CHANGES 


TO  UNCLASSIFIED 


FROM  CONFIDENTIAL 


AUTHORITY 


USARL-APG,  MD;  nOV  1,  1995 


VAVNomm 


THIS  PAGE  IS  UNCLASSIFIED 


AD  NUMBER 

AD-360  135 


NEW  LIMITATION  CHANGE 

TO  DISTRIBUTION  STATEMENT  -  A 

Approved  for  public  releaser- 
distribution  is  unlimited 

LIMITATION  CODE :  1 

FROM  No  Prior  DoD  Distr  Scty  Cntrl  St'mt  Assigned 

AUTHORITY 

HQ  DNA-IMTS ,Ms .  J.B.  Wood,  Chief,  Tech  Support,  via  Memo, 
dtd  11  Jan  95 


THIS  PAGE  IS  UNCLASSIFIED 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAl  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTTC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


NOTICE:  When  government  or  other  drawings,  sped* 
flections  or  other  JAt»  are  uuei  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern* 
sent  oay  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  ia  not  to  be  regarded  by  implication  or  other* 
vise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  U3e  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


sorncs; 

TffTS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESFIOriAGE  LAWS,  TITLE  18, 
U.S.C.,  SECTIONS  793  and  791*.  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  A NT  MANNER  TO  AN 


UNAUTHORIZED  PERSON  IS  PROHIBITED 


-J 


•.[...ivv: 


R^je^lO 


WT-1615  a 

fills  fltimil  tlimll  ll  34  |l|?t. 
Ml.  I  •'  1  ll  200  tltilt,  Sllilt  A 

.  ' 
Z  8  Apr.,B55  , 


icl  vsii  -  f9$3 

'•<:  I* V.- v.VVv'o ! ‘-.v'-V *  ‘-L  •  :  '• 


BUST  OVERPRESSURE  from  VERY- 
HIGH-ALTITUDE  BURSTS  (U) 


.  nf  .] 

’.Li.  —'  —  J  i i  ...Li..* 
IIS1A.  Q 


Iuuance  Date:  September  6.  I960 


MsndU  M  lUetmtW  Dal*  in  foreign  4i— minatt— . 
9«c li—  144*.  Aimm  Energy  Art  rf  IIM 

This  miKrul  (OAtiMi  information  if 

III*  national  defense  of  the  United  l.  .let 
within  the  meaning  o #  the  eapionage  lift 
Title  II,  U.  S.  C.,  Secs.  7H  and  794,  the 
irimmiiiitM  or  revelation  ul  which  in  any 
manner  to  an  wn*wthorited  pernon  is  pro* 
htbitri  by  law. 


HEAOOtlARTERS  FIE10  CONMANO 
DEFENSE  ATONIC  SmOIT  AGENCY 
SAMOIA  DATE.  AIRDOIEIOIE.  *cm  MEXICO 


L 


Inquiries  relative  to  this  report  may  be  mado  to 

Chief,  Defense  Atomic  Support  Agency 
Washington  IS,  D.  C. 


DO  NOT  RETURN  THIS  DOCUMENT 


0.  S.  MILITARY  AGENCIES  MAY  OBTAIN  C  '?’ES  CF  THIS  REPORT  DIRECTLY 
£ROM  DOC.  OariER  QUALIFIED  USERS  S.^i-L  REQUEST  THROUGH 

f\jT*  -v  «x  fs  ■'  W  \J 

rV\  *  Director 

\.  I  Defease  Atomic  Support  Agency 

N'“'  Washington,  D.  C.  20301 


I 


WT— 1615 


ft 


OPERATION  HARDTACK— PROJECT  1.10 


BLAST  OVERPRESSURE  from  VERY- 
HIGH  -AL  T/TUDE  BURS  TS  (U) 

ft 


J.  T.  Pan  tall,  Capt,  USAF,  Project  Officer 
N.A.  Haskell 

Air  Force  Cambridge  Research  Center 

L.  G.  Hanscom  Field,  Bedford,  Massachusetts 


-  .  Mil  JTARY  ACENCtES  MAY  OBTAIN  COPSES  OF  THIS  REPORT  DIRECTLY 

USERS  S.  t-.LL  REQUEST  THROUGH 

fts*-**' v  vJ 

s  \  Director 

(  J  Defense  Atonic  Support  Agency 

Washington,  D.  C.  20301 


in  foreign 

semination.  Section  144b,  Atomic  Energy 
Act  of  IM4. 


This  material  contains  information  affect¬ 
ing  the  national  ddtnM of  the  United  Slates 
within  the  meanlnf  of  the  espionage  laws. 
Tills  IS.  U.S.C.,  Secs.  19S  and  194.  the 
transmission  or  revelation  of  which  In  any 
manner  to  an  unauthorised  person  Is  pro¬ 
hibited  by  law. 


ft 


» 


ft 


oQ 


FOREWORD 

This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military-effect 
programs  of  Operatic*  Hardtack.  Overall  information  abort  this  and  the  other  military-effect 
projects  can  be  obtained  from  1TR- 1660,  the  “Summary  Report  of  the  Cunmaader,  Task  Unit 
3."  This  technical  summary  includes:  (1)  tables  listing  each  detonation  with  Os  yield,  type, 
environment,  meteorological  conditions,  etc. ;  (2)  maps  showing  shot  locations;  (3)  discussions 
of  results  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc.,  for  all  projects; 
and  (5)  a  listing  of  project  reports  for  the  military-effect  programs. 
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ABSTRACT 


The  object  It*  vat  the  measurement  c f  time  of  arrival,  peak  overpreaaure,  and  pressure  versus 
time  at  five  balloon-borne  canisters  suspended  at  various  distances  below  a  low-yield  device 
(Shot  Ytacca)  detonated  at  a  very-high  altitude.  In  order  to  circumvent  telemetry  blackout,  the 
pressure  data  war  to  be  stored  on  Internal  recorders  and  then  played  back  into  the  telemeter 
transmitters,  as  well  as  telemetered  directly.  A  power  failure  In  the  receiving  station  just  be¬ 
fore  shot  time  rendered  the  command  transmitter  inoperative;  In  consequence,  the  canister  re¬ 
corders  could  not  be  turned  on,  and  no  delayed  telemetering  was  possible.  Direct  telemetering 
was  blacked  out  at  the  three  closest  canisters  and  the  transmitter  in  the  fourth  had  not  responded 
to  the  turn-on  command  signal  before  power  failure  occurred,  but  a  direct  telemetering  signal 
was  received  from  the  most-distant  canister.  An  apparent  pressure  signal  was  recorded,  but 
the  wave  farm  was  abnormal,  and  the  time  of  arrival  and  peak  overpressure  appeared  to  be  mu¬ 
tually  Inconsistent,  ft  is  believed  that  the  signal  was  spur  ions  and  may  have  been  produced  by 
damage  to  tbs  canister.  About  0.3  second  after  the  arrival  of  tbs  questionable  pressure  signa¬ 
ture,  the  radio- frequency  carrier  from  this  canister  was  lost,  and  no  further  data  was  obtained, 
ft  is  possible  that  the  loss  at  signal  represents  the  actual  ahock-arrtval  Urns. 
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One  aspect  at  the  very-high-altltude  canister  effort  which  demands  recognition  U  the  fact  that 
Projects  1.10,  2.7,  8.2,  and  9.2b  simultaneously  developed  Instrumentation  and  equipment  that 
was  required  to  function  electronically  and  mechanically  aa  a  system.  Because  of  the  limited 
time  available  for  research  and  development,  some  of  the  final  modifications  to  ensure  com¬ 
patibility  had  to  be  carried  out  la  the  field  in  the  last  few  days  before  the  shot.  The  fact  that 
the  equipment  for  the  entire  program  was  ready  on  time  and  was  launched  with  a  reasonable 
hope  of  a  successful  outcome  can  be  attributed,  to  a  great  extent,  to  the  complete  cooperation 
and  intensive  coordination  that  existed  among  project  personnel,  contractors,  and  the  interested 
parties. 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVE 

Planning  for  the  use  of  nuclear  weapons  In  air  defense  requires  knowledge  of  the  way  tn  which 
the  basic  weapon  outputs — blast,  thermal  radtatton,  and  nuclear  radiation — vary  with  the  alti¬ 
tude  of  detonation.  The  objective  of  the  participation  tn  Shot  Yucca  was  to  provide  Information 
on  the  variation  with  altitude  of  the  blast  output  by  obtaining  measurements  of  blast  overpressure 
versus  distance  at  the  highest  altitude  at  which  direct  measurements  of  this  kind  were  deemed 
feasible.  For  the  measurement  of  peak  overpressure,  primary  reliance  was  placed  on  the  meas¬ 
urement  of  shock-arrival  time,  from  which  peak  overpressures  may  be  computed  by  means  of 
the  Rankine-Hugontot  equations.  Llrect  measurements  of  pressure- versus-ttme  wave  forms 
were  slso  desired  as  a  secondary  objective. 

1.2  BACKGROUND 

The  feasibility  of  conducting  a  weapon-effect  test  at  an  altitude  In  the  neighborhood  of  100,000 
feet  was  studied  by  the  Air  Force  Special  Weapons  Center  (AFSWC)  with  the  cooperation  of  the 
Air  Force  Cambridge  Research  Center  (AFCRC)  during  1954  and  1955.  After  examining  various 
possible  methods  of  deployment  of  a  nuclear  device  with  an  Instrument  array  accurately  posi¬ 
tioned  with  respect  to  the  point  of  burst,  it  was  decided  (Reference  1)  that  the  method  offering 
the  greatest  probability  of  success  would  be  to  deploy  both  the  nuclear  device  and  the  telemeter¬ 
ing  instrumentation  array  on  a  dragline  from  a  single  balloon. 

A  proposal  for  a  test  based  on  this  method  of  deployment  was  presented  to  the  Armed  Forces 
Special  Weapons  Project  (AFSWP)  on  17  November  1955.  b  order  to  minimise  development 
time  and  cost.  It  was  proposed  to  employ,  so  far  as  possible,  the  same  blast-pressure  teleme¬ 
tering  system  previously  developed  for  AFCRC  by  the  Pacific  Division,  Bendts  Aviation  Cor¬ 
poration,  and  used  successfully  during  Ope  rations  Buster-Jangle,  Snapper,  Ivy,  Upshot-Knothole, 
Teapot,  and  Redwing  to  measure  blast  pressures  on  arrays  of  parachute-borne  gages. 

Dirlng  Shot  10  of  Operation  Teapot  (Reference  2),  detonated  at  an  altitude  of  36,645  feet,  data 
from  the  two  closest  parachute-borne  canisters  at  slant  ranges  of  640  and  720  feet  was  lost  due 
to  a  brief  blackout  of  the  telemetering  signal  immediately  after  shot  time.  K  was  believed  that 
the  blackout  was  caused  by  Ionization  of  the  surrounding  air  by  prompt  gamma  radiation.  Be¬ 
cause  the  theory  of  this  effect  did  not  appear  to  be  sufficiently  well  developed  to  permit  a  reliable 
prediction  of  what  the  attenuation  would  be  at  much  higher  altitudes,  or  whether  blackout  could  be 
avoided  by  going  to  higher  carrier  frequencies  for  telemetering,  it  was  decided  that,  as  insurance 
against  loss  of  data,  the  Instrumentation  should  provide  for  data  storage  and  delayed  telemetering. 

The  upper  limit  of  the  range  of  blast-pressure  measurements  was  chosen  on  the  basis  that  it 
should  be  as  close  as  possible,  and  still  provide  a  reasonable  probability  that  the  instrumentation 
would  survive  the  thermal  and  blast  environment  long  enough,  after  the  disappearance  of  the  ex¬ 
pected  ionization  blackout,  to  transmit  at  least  the  time  of  shock  arrival.  With  an  assumed  yield 
of  2  kt,  a  range  of  750  feet  was  considered  as  the  minimum  for  Instrumentation  of  the  type  plan- 
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«uwl.  For  scaling  tost  data  to  otN>r  yields  amt  altitudes,  the  st.'pe  of  the  curve  of  pc  ok  ovcrpros- 
suro  versus  distance  is  ,u\  Important  Uotor.  It  was  therefor*  considered  preferable  to  spread 
the  limit  oil  number  ot  measurements  possible  over  A  (airly  long  baseline,  ralher  than  cancen- 
trato  thorn  In  tho  moro- limit otl  range  o(  overpressures  high  enough  to  In*  of  direct  interest  In 
comu*ctlon  with  effects  on  targets.  An  outor  range  limit  ol  atvut  1,000  foot  was  oonshlorotl  ade¬ 
quate  to  establish  tht*  general  trend  of  tho  curve  (or  overpressure  versus  tilstance  amt  not  too 
lout?  to  be  accommodated  by  tho  proposed  dragline  deployment  system. 

Estimated  weights  of  tho  proposed  instrumented  canisters,  nuclear  device,  amt  command 
systems,  together  with  the  known  load- versus- altitude  capability  ol  the  1 28-toot  tapeless  poly¬ 
ethylene  balloon  that  had  been  selected  as  the  carrier,  Indicated  that  stx  tnstrumented  canisters 
would  be  carried  to  approximately  the  desired  altitude.  To  allow  (or  a  margin  ot  error  In  the 
preliminary  estimate  at  tho  canister  weights,  the  number  was  reduced  to  live.  The  distances 
(rom  the  burst  were  chosen  to  be  710,  1,050,  1,500,  3,100  and  3,000  tect,  terming  an  approxi¬ 
mately  geometrical  progression  between  the  end  points. 

1.3  THEORY 

1.3.1  Sachs  Scaling.  Results  (rom  previous  tests  at  lower  altitudes  Indicated  that  the  Sachs 
scaling  (Reference  3)  gives  an  adequate  representation  ol  the  effect  ol  altitude  <ol  burst  up  to  the 
height  ol  Shot  10  during  Operation  Teapot.  This  scaling  law  may  be  expressed  as  follows:  U 
l(R)  is  the  free-air  peak  overpressure  at  slant  range  R  for  a  1-fct  burst  in  a  homogeneous  at¬ 
mosphere  at  sea-level  pressure  and  temperature,  then  the  peak  overpressure  at  slant  range  R 
at  the  altitude  h  of  the  burst  ot  a  device  of  yield  W  is 

P(R,h)  =  k1  t(kR  S>  (1.1) 

Where:  k5  «  P,(h)/P4(o) 

S  =  W*'5 

P,(h)  »  ambient  pressure  at  burst  altitude 

P,(o)  =  ambient  pressure  at  sea-level  in  t)<e  standard  atmosphere  to  which  the 
function  f(R)  is  referred  (here  taken  as  14.70  psi) 

If  rfR)  is  the  duration  of  the  positive  overpressure  phase  for  1  kt  in  the  standard  sea-level  at¬ 
mosphere,  the  Sachs  scaling  law  for  positive-phase  duration  may  be  written  as 

- 1  S5T  "“'a  <!.:> 

Where:  c(h)  =  ambient  sound  velocity  at  burst  altitude 

c(o)  *  ambient  sound  velocity  in  the  standard  sea-level 
atmosphere  (here  taken  to  be  1,116  ft/sec) 

Shock  travel  time  scales  in  the  same  way. 

Thermal-radiation  phenomena  do  not  scale  with  either  altitude  or  yield  in  the  same  way  as 
hydrodynamic  motions.  Therefore,  the  early  stages  of  a  nuclear  explosion,  (faring  which  there 
is  appreciable  coupling  between  radiative  transport  and  hydrodynamic  motion,  cannot  be  expect¬ 
ed  to  follow  Sachs  scaling.  So  long  as  the  amount  of  energy  emitted  as  thermal  radiation  during 
these  early,  strongly  coupled  stages  is  small,  this  will  have  little  effect  on  the  hydrodynamic 
motion  at  later  times,  when  there  is  negligible  coupling  between  radiation  and  hydrodynamics; 
therefore,  Sachs  scaling  should  be  applicable  to  the  blast  wave  to  a  good  approximation.  If  the 
energy  of  the  early  thermal  radiation  is  not  a  negligible  fraction  of  the  total  yield,  Sachs  scaling 
cannot  be  expected  to  be  directly  applicable.  However,  it  may  still  be  possible  to  retain  the 
form  of  Sachs  scaling  and  determine  a  correction  factor  to  be  applied  to  the  yield  to  define  an 
effective  blast  yield  Wj,  for  insertion  in  Equations  1.1  and  1.2. 
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t.3. '1  Variation  of  Klfortlvo  Blast  Yield  with  Altitude.  References  4  and  5  give  an  approxi¬ 
mate  theoretical  treatment  <4  (Ik*  altitude  dependence  cl  the  effective  Mast  yield.  Tn  those  cal* 
culations,  the  stage  of  appreciable  radiation-hydrodynamic  coupling  M  assumed  to  extend  to  the 
time  at  which  the  temperature  at  the  shock  front  is  about  3,000  K  amt  the  thermal  radiation  e- 
mlttcd  prior  to  this  time  Is  assumed  to  lx*  lost  energy,  so  far  as  further  propagation  of  the  blast 
wave  Is  concerned.  On  this  basis,  the  effective  blast  yield  Is  expressed  as: 

■  (i®7  -•)  *'"-•<>-">  (1.3) 

Where:  p(o)  -  sea-level  density  tn  the  standard  atmosphere 
p(h)  »  ambient  atmospheric  density  at  burst  altitude 

a  *  the  fraction  of  the  total  yield  that  is  emitted  prior  to  the  3,000  K 
shock  stage  in  a  sea-level  burst 

In  Reference  4  the  constant  <*  was  estimated  to  be  about  0.01.  The  more  detailed  calculations 
given  in  Reference  S  lead  to  a  value  of  0.0075.  For  the  ambient  conditions  during  Shot  10  of 
Operation  Teapot,  the  value  of  p(o)/p(h)  was  3.57.  For  this  case.  Equation  1.3  gives  Wjj/W  » 

0.974  if  or  *  0.01  and  W^/W  *  0.981,  if  o  *  0.0075.  In  either  case,  the  reduction  In  effective 
Mast  yield  Is  so  much  less  than  the  probable  error  of  the  actual  yield  that  no  observable  depar¬ 
ture  from  Sachs  scaling  was  expected  and,  within  the  normal  range  of  variability  of  blast  pres¬ 
sure  measurements,  none  was  observed.  For  the  expected  ambient  conditions  of  Shot  Yucca 
the  value  of  p(o)/p(h)  is  about  50.  Equation  1.3  then  gives  a  value  of  0.61  for  W^/W  if  a  »  0.01 
and  a  value  of  0.69  if  or  *  0.0075.  The  latter  figure,  with  an  assumed  yield  of  2  kt,  was  used  in 
making  preshot  predictions  for  the  purpose  of  choosing  gage  ranges  and  determining  other  pa¬ 
rameters  needed  in  the  design  of  Instrumentation. 

Later  and  more  detailed  theoretical  studies  of  the  high- altitude  burst  problem  (see,  for  ex¬ 
ample,  References  6  and  7)  hare  led  to  the  conclusion  that  Equation  1.3  probably  overestimates 
the  effect  of  reduced  ambient  density  by  n  rather  large  factor  at  altitudes  above  100,000  feet. 
Consequently,  an  equation  of  that  form  is  now  considered  obsolete  and  is  mentioned  here  only 
because  of  Its  use  in  preshot  planning. 

1.3.3  Effect  of  Difference  tn  Altitude  Between  Burst  and  Cage.  Equations  1.1  and  1.2  refer 
to  the  case  in  which  the  overpressure  is  measured  at  tlx*  same  altitude  as  the  burst.  It  has  been 
foind  from  measurements  oo  parachute-borne  gages  and  aircraft  at  low  to  moderate  shock  strength 
(Le. ,  ratio  of  overpressure  to  ambient  pressure)  that  a  satisfactory  empirical  correction  for  the 
difference  In  ambient  conditions  between  burst  point  and  gage  may  be  obtained  by  replacing  the 
ambient  pressure  at  shot  altitude,  Pt(h) ,  with  the  ambient  piesmire  at  gage  altitude,  P,(z) ,  In 
defining  the  scale  factor  k  that  appears  in  these  equations,  to  Equation  1.2  the  sound  velocity 

at  shot  altitude,  c(h) ,  is  to  be  replaced  by  the  average  sound  velocity  between  burst  and  gage 
altitudes.  There  Is  some  question  as  to  whether  this  method  of  correction  Is  applicable  at  very- 
low  shock  strengths  and  Urge  differences  In  ambient  pressure  or  at  very-high  shock  strengths, 
but  U  is  probably  sufficiently  accurate  for  the  present  purpose,  because  tt  is  a  small  correction 
In  any  case,  amounting  to  only  5  percent  at  the  lowest  canister. 

1.3.4  Calculation  of  Peak  Overpressure  from  Shock  Velocity.  At  the  closer  gage  locations, 
where  shock  strengths  and  temperatures  are  high,  the  problem  of  pressure-gage  calibration  Is 
a  serious  one.  Although  a  calibration  for  effects  of  steady-state  flow  at  approprUte  Mach  num¬ 
bers  has  been  carried  out  in  a  wind  tunnel,  as  described  in  Appendix  C,  the  peak  overpressures 
derived  from  shock-velocity  measurements  by  means  of  the  Rank ine-Hugon lot  equations  are  be¬ 
lieved  to  be  more  reliable.  The  pertinent  equations  in  a  form  suitable  for  application  of  the 
National  Bureau  of  Standards  (NBS)  thermodynamic  Ubles  for  air  (Reference  8)  are  as  follows: 
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r  '» 

*v  iv 


t-t 
•i -I 


«->)  (» *  J)  ’ 


0.3) 


•  A.t 

'  ZgT.s  0.6) 


Subscript  zero  ■*  reference  to  ambient  conditions  ahead  id  shock  front 

TABLE  l.t  SlltX'K-VKLOCITY  FUNCTION  VERSUS  SHOCK  STRENGTH 

Ambient  conditions  T,  *  225.4  K,  P,  -  IS.85  mb.  Thin  table  wan  computed 
before  the  shot,  for  the  expected  ambient  pressure  ami  temperature.  The 
values  given  in  the  third  column  mould  not  be  significantly  changed  If  the 
actual  ambient  conditions,  P4  «  27. 1  mb,  Ta  »  222.2  K  had  been  used. 

Shock  Temperature 

f-1 

(U/c,)»-l 

t-1 

K 

230 

0.0727 

0.859 

250 

0.4239 

0.857 

270 

0.8369 

0.857 

30C 

1.S117 

0.857 

350 

2.732 

0.856 

400 

4.010 

0.856 

500 

6.657 

0.855 

600 

9.394 

0.853 

700 

12.216 

0.8S1 

800 

15.116 

0.849 

900 

18.092 

0.847 

1.000 

21.14 

0.845 

1.100 

24.2$ 

0.844 

1.200 

27.42 

0.842 

1,300 

90.64 

0.840 

1.400 

33.92 

0.839 

1.S00 

37.25 

0.837 

Subscript  s 
P 
P 
T 
U 
e 
H 
Z 
R 
i 
n 


reference  to  conditions  Immediately  behind  the  shock  front 

absolute  pressure 

density 

absolute  temperature 
shock  velocity 
sound  velocity 
enthalpy 

compressibility  factor  »  P/pRT 
gas  constant  for  air 

P»/P. 

Ps/P« 


It  is  convenient  to  define  a  quantity  or  by  the  relation 


H  =  oP /p  »  oZRT 


0.7) 
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w  th.d  Equation  1.5  tvcomen 

n  1  -  i  ♦  }**l 

1  ‘  f-t  »  2<««  (1.8) 

Equations  1.8  ami  1.8,  together  with  the  NIV>  Uhles,  which  give  l  and  H  as  functions  of  tem¬ 
perature  ami  pressure,  determine  i)  as  a  (Unction  (.if  f .  This  Is  most  conveniently  found  by 
taking  a  sequence  of  values  of  the  shock  temperature  Ta  and  computing  approximate  values  of 
f  by  substituting  the  Ideal  gas  values,  Z  ■  1  and  «»  ■  9.5,  In  Equations  1.8  and  1.8.  Since  Z 
and  a  are  only  slightly  dependent  on  the  pressure  In  the  range  cl  Interest  here,  Zs  and  aa 
may  be  determined  by  entering  the  NBS  tables  wllh  the  given  values  of  T#  and  the  pressures 
corresponding  to  the  approximate  values  of  { .  Equations  1.8  and  1.8  are  then  solved  for  (  and 
b  using  these  values  of  Zs  and  Oj .  (U/c^l*  is  then  determined  from  Equation  1.4.  For  ambi¬ 
ent  conditions  T«  >  325.4  K,  P»  ■  15.85  mb,  the  NBS  value  of  the  coefficient  P»/p«  c»*  In  Equation 
1.4  Is  0.71373.  Values  of  the  ralto  [(U/c^-l],  ({-!)  as  a  function  of  |-1  calculated  In  this 
way  are  given  In  Table  1.1.  Even  at  the  highest  shock  strengths  with  which  we  are  concerned 
here,  this  ratio  differs  very  slightly  from  the  ideal  diatomic  gas  value  of  six  sevenths. 

In  converting  the  measured  average  shock  velocities  over  the  Intervals  between  canisters 
into  peak  overpressures  by  means  of  the  ra  "  is  given  la  Table  1.1,  it  will  be  assumed  that  the 
interval  velocity  is  equal  to  the  value  of  the  Instantaneous  velocity  at  the  mtd-potnt  of  the  Inter¬ 
val.  This  assumption  has  been  checked  by  numerical  integration,  using  the  expected  form  of 
the  curve  for  peak  overpressure  versus  distance,  and  found  to  be  sufficiently  accurate  for  prac¬ 
tical  purposes  within  the  range  of  intervals  used  here. 
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Chapter  2 

PROCEDURE 


2.1  OPERATIONS 

Canister  checkout,  which  begun  on  D-7,  was  completed  on  D-l  when  oscillograph  record¬ 
ings  were  made  of  simulated  operations.  At  H-6(/t  hours  canisters  were  loaded  in  the  deploy¬ 
ment  tube  and  a  final  check  was  made  of  the  telemeter  receiving  equipment.  Balloon  launch 
was  at  H-3',4  hours;  during  the  balloon  ascent  to  burst  zero  position,  the  USS  Boxer  was  pro¬ 
ceeding  to  a  point  30  miles  north  of  predicted  surface  zero. 

At  H-7  minutes  the  canisters’  transmitters  and  mlnlature-tape-recorder  electronics  were 
turned  on  by  command.  At  H-2  minutes,  the  first  acoustic  charge  contained  in  Canister  S  was 
to  have  been  deployed  and  detonated  (detonation  to  occur  about  64  feet  below  Canister  S,  since 
the  charge  contained  a  2- second  delay  fuze).  At  H-2  minutes  and  10  seconds,  the  receiving- 
station  tape  recorder  was  turned  on  to  record  telemetered  acoustic  arrival  times  from  each 
canister.  At  H-1S  seconds,  both  oscillograph  recorders  were  turned  on  and  allowed  to  run 
until  H  ♦  3  minutes.  One  recorder  registered  the  telemetered  radio  frequency,  including  the 
radio-frequency  signal  strength,  from  Canister  5,  and  the  second  recorder  registered  signal 
strengths  of  the  radio-frequency  transmissions  from  Canisters  1,  2,  3,  and  4,  in  addition  to 
recording  the  signal  strength  of  the  radio  frequency  emanating  from  the  nuclear  device.  The 
tape  recorders  In  Canisters  1,  2,  3,  and  4  were  to  be  started  at  H- 10  seconds,  and  at  H-9 
seconds  the  second  acoustic  charge  was  to  be  released  from  Canister  5.  A  command  tone  at 
H-2  seconds  was  to  have  fired  the  Project  2.7  rocket  contained  in  Canister  5,  causing  that 
canister  to  swing  approximately  25  feet  from  the  vertical  at  zero  time.  The  command  at  H-2 
seconds  also  served  to  lock  the  command  receiver  out  o'  operation  in  Canister  5. 

The  receiving-station  tape  recorder  started  record"  g  telemetered  canister  data  at  H-2 
minutes  and  10  seconds  and  continuously  recorded  until  canisters  became  Inoperative.  At  any 
time  prior  to  the  command  at  H- 10  seconds,  canister  power  could  hare  been  turned  off  at 
Canisters  1,  2,  3,  and  4,  and  the  canisters  made  ready  for  a  new  zero  time.  A  battery  life 
of  30  minutes  would  thus  have  permitted  several  delays. 

2.2  INSTRUMENTATION 

In  addition  to  pressure  transducers,  the  canisters  contained  thermal-radiation  sensors  pro¬ 
vided  by  Project  8.2,  AFCRC,  and  nuclear- radiation  instrumentation  provided  by  Project  2.7, 
Naval  Research  Laboratory  (NHL).  Pertinent  discussion  of  that  Instrumentation  may  be  found 
in  the  respective  project  reports.  A  discussion  of  Project  1.10  instrumentation  follows. 

2.2.1  Canisters.  As  depicted  in  Figures  2.1  and  2.2,  each  canister  was  simply  a  right  cir¬ 
cular  cylinder  10.25  inches  in  outside  diameter.  Canister  lengths  and  weights  are  given  in 
Table  2.1.  The  leiigths  and  weights  shown  In  the  table  include  skirts  which  varied  from  canis¬ 
ter  to  canister,  depending  upon  the  length  of  nylon  dragline  each  skirt  contained. 

A  ratio  of  approximately  2  pounds  of  instrumentation  for  each  pound  of  structure  was  obtained 
to  meet  the  size  and  weight  limitations  necessarily  imposed  by  the  balloon  carrier  system.  The 
use  of  batteries  for  internal  heating  was  therefore  limited.  To  achieve  reasonable  internal  tem¬ 
peratures,  even  though  canisters  were  exposed  to  ambient  temperatures  varying  from  -90  C  to 
-55  C,  the  canister  skin  consisted  of  Vi -inch  styrofoam  and  Vi-inch  fiberglass  sheets  covered 
with  an  outside  layer  of  heavy  (40-mll)  aluminum  foil.  A  4%-pound  pack  of  Yardney  silver-cell 
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batteries  provided  approximately  30  watt*  of  thermostatically  controlled  Internal  heat.  In  Addi¬ 
tion,  solar  heating  of  canisters  helped  maintain  Internal  temperature!  estimated  to  be  no  lower 
than  30  F.  Actually,  the  skin  configuration  amt  aluminum-foil  surface  were  a  compromise  be¬ 
tween  desired  solar  heating  and  required  thermal-radiation  protection  at  scro  time. 


Conlttsr  No  I 


|  Com  Ho 

Dim  "A" 

l 

5. SI 

tz 

4.AI 

1 .  .4 

Conlster  No.  2. 3.  end  4 


Conlttsr  No.  5 


Figure  2.1  External  configuration  of  canisters. 

2.2.2  Telemetering.  Each  canister  contained  a  Bend  lx  TXV-13,  2-watt  transmitter  and  a 
variable-reluctance  absolute-pressure  transducer  manufactured  by  Wortham  Electronics  Com- 
As  Indicated  In  Table  2.1,  basic  data  was  to  be  supplied  to  transmitters  through  sub- 
carrier  oscillators,  which  ranged  from  7.35  to  70.0  kc.  The  mixed  outputs  of  the  subcarriers 
modulated  the  transmitter  radio  frequency,  which  was  picked  up  by  grouts!  receivers  tuned  to 
respective  transmitter  frequencies. 
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C.imstt'i's  3,  and  4  voutuliw-d  uvo  thovnul-rAdtAtlon  .-mBSor*  in  Addition  t,>  a  ku'hjtii'uiul- 
i. idt.it  imi  «lottvtor.  In  Addition  t*>  the  tape  i-ceoi'ding  of  all  nix  thermal  measurements  in  the 
canister  and  subsequent  playback  of  I  ho  data  on  a  time -sharing  arrangement  through  the  40.0- 
ko  and  70.0- ko  suboarrievs.  two  thermal  measurement*  per  eautster  were  tv*  ’v  telemetered 
directly.  Overpressures  measured  at  Canisters  l,  3,  3,  and  4  were  In  Iv  telemetered  directly 
In  addition  to  being  recorded,  played  Kick,  and  re-telemetered.  Overpressure  measured  at 
Canister  3  was  to  tv  telemetered  directly.  The  top  19  Inches  ot  Canister  5  contained  NHL  In¬ 
strumentation  only.  This  Instrumentation,  which  measured  prompt  nuclear  radiation,  also 


rxiW 


(/  Canister  No  t 


EiKiteniea 


Top*  Recorder 


Batterie* 


Canister  Not  5 

Figure  2.2  Canisters  with  covers  removed. 

provided  for  data  recording  and  playback  into  the  Bend  lx  telemetering  system  via  the  70.0- kc 
subcarrier  oscillators. 

On  Canisters  1,  2,  4,  and  5,  a  %-wave  flexible  steel  antenna  mounted  off  center  on  the  top 
of  each  canister  provided  excellent  transmission.  For  reasons  outlined  in  Section  2.2.5,  the 
steel  antenna  on  Canister  3  was  replaced  with  a  dipole  antenna  constructed  from  the  transmitter’s 
coaxial  output  line.  The  coaxial  line  was  not  allowed  to  contact  the  canister  skin  and  was  lashed 
to  the  nylon  dragline  for  support.  During  checkout  of  equipment  of  Projects  1.10  and  8.2  in  pi 
aration  for  Shot  Yucca,  the  miniature  tape  recorders  exhibited  an  Intolerable  amount  of  noise 
the  final  stage  of  their  playback  amplification.  Despite  every  effort  by  Project  8.2  personnel 
filter  the  noise  and  despite  efforts  by  Project  1. 10  personnel  to  eliminate  its  source,  the  antic, 
pated  signal-to-noise  ratio  of  the  recorder's  playback  system  was  approximately  1  to  1  on  the 
Project  8.2  portion  of  the  recorder.  The  Project  1.10  portion  of  the  recorder  exhibited  normal 
operation  during  this  checkout.  In  view  of  the  fact  that  Project  8.2  personnel  estimated  that 
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th«‘re  waa  little  dunce  of  obtaining  thermal- radiation  data  from  a  tapo  recorder  whoso  output 
noise  waa  comparable  to  the  anticipated  output  signal,  It  waa  decided  that  the  modified  antenna, 
which  produced  no  appreciable  recorder  noise,  waa  worth  using,  although  there  waa  probably 
only  an  even  chance  as  to  whether  the  antenna  would  be  working  after  aoro  time. 

Canister  power  was  provtdod  by  a  51,  j-pound  pack  of  Yardney  allver-ccll  batteries,  Types 
HR-5,  HR-1,  and  HR-01. 

3.3.3  Remote-Command  System.  Since  canister  operations  were  timed  relative  to  a  flexible 
aero  time,  a  remote-command  system  was  developed  to  regulate  canister  operations  at  slant 
ranges  of  up  to  100  miles.  Considerable  dtfflculty  was  experienced  with  the  command  system 
during  the  preoporational  trials  before  It  waa  determined  that  radio  frequency  from  the  cantstcr 
transmitter  was  being  radiated  and  conducted  into  the  command  receiver,  causing  the  receiver 
to  shift  frequency  (Appendix  A).  Free  use  of  filters  and  a  copper-box  shield  for  the  receiver 
eventually  provided  operations  at  sensitivities  down  to  %  pa. 

The  command  transmitter  was  located  tn  the  recetvtng-statton  trailer  and  radiated  approxt- 

TABLE  3.1  CANISTER  DATA 


Function 

Canister 

1 

2 

3 

4 

5 

Length,  Inches 

34.625 

39.75 

40.75 

42.75 

44.500 

Weight,  pounds 

55.00 

72.00 

74.50 

75.75 

84.00 

Transmitter  frequency.  Me 

250.00 

251.25 

247.50 

253.75 

254.25 

Subcsrrler  oscillator 

frequencies: 

Acoustic  wave-srrivsl  time 

snd  sera  time,  he 

10.50 

10.50 

10.50 

10.50 

10.50 

standard  timing,  kc 

T.3S 

7.35 

7.35 

7.35 

7.35 

Overpressure,  kc 

14.50 

14.50 

14.50 

14.50 

14.50 

Therms]  radiation,  kc 

— 

40.00 

40.00 

40.00 

— 

— 

70.00 

70.00 

70.00 

— 

Nuclear  radiation,  kc 

— 

— 

— 

— 

70.00 

mately  70  watts  from  a  whip  antenna  located  on  top  of  the  trailer.  The  transmitter  operated  at 
42.138  Me  and  was  designed  to  transmit  five  tones,  as  indicated  in  Table  2.2. 

Command  Tone  D,  to  be  transmitted  at  H-10  seconds  to  Canisters  1,  2,  3,  and  4,  and  Tone 
K,  to  be  transmitted  at  H-2  seconds  to  Canister  5,  locked  Tone  C  out  of  operation  at  each  can¬ 
ister.  Because  the  canisters  were  designed  to  telemeter  continuously  after  zero  time,  even 
though  they  might  be  tumbling,  the  shock-sensitive  relays  tn  the  command- receiver  circuit 
could  not  be  permitted  to  turn  off  canister  power  inadvertently.  A  6-foot  length  of  Insulated 
No.  18  copper  wire,  banging  from  the  bottom  plate  of  each  canister,  served  as  the  command- 
receiver  antenna. 

2.2.4  Telemeter  Receiving  and  Recording.  The  receiving-station  trailer  was  equipped  with 
seven  Clarke  receivers:  five  were  tuned  to  canister- transmitter  frequencies,  one  was  tuned  to 
a  Project  9.2a  telemetered  frequency  emanating  from  the  weapon  package,  and  one  served  as  a 
spare.  Outputs  from  each  operating  receiver,  in  addition  to  a  1,000-cycle  timing  reference, 
were  tape  recorded  on  a  seven-channel  Ampex  800  for  subsequent  data  reduction.  Because  the 
Immediate  lose  of  radio-frequency  signal  strength  from  canisters  at  zero  time  provided  record¬ 
ings  of  zero  time,  the  radio  frequency  being  recorded  from  the  weapon  package  served  as  a 
backup  zero-time  reference.  A  Nems-Clarke  preamplifier,  connected  between  the  helical  re¬ 
ceiving  antenna  and  the  receivers,  provided  a  strong  signal  strength. 

The  subcarrier  information  and  radio-frequency  signal  strength  transmitted  from  Canister 
5  was  also  recorded  In  real  time  on  one  of  the  ground- station  oscillograph  recorders.  Real- 
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Ilttn*  ir.»n:i«>!s.'.tons  of  ra.li.iiicqucmy  signal  strengths  front  O.inMora  I,  2,  J,  and  4  wen*  also 
recorded  on  a  second  oscillograph  recorder. 

Immediately  nil  or  tho  detonation,  tho  recorded  subearrlor- modulated  radio  frequencies  woro 
In  Iv  played  lurk  via  an  Ampex  307  to  tho  receiving-station  discriminator.  which  would  filter 
tho  tntxod  subearrters  and  reproduce  tho  original  modulating  signal!).  Tho  so  signals  woro  to 
tv  tod  automatically  to  galvanometers  tor  oscillograph  recordings  of  pressure- versus-ttmo 
data.  Kor  the  data  on  radiation,  tho  discriminator  output  was  to  lv  fed  to  the  Ampex  S00,  and 
the  taped  information  on  thermal  and  nuclear  radiation  was  to  he  turned  over  to  Projects  8.2 
and  2.7,  respectively.  Tho  telemetered  radio  frequencies,  though  recorded  on  a  single  tape, 
were  to  he  played  luck  into  the  discriminator  one  at  a  time,  because  the  trailer  contained  only 
one  discriminator. 


2.2.5  Canister  Tape  Recorders.  A  dual-type  recorder-playback  system  was  developed  by 
Project  3.2  for  joint  use  of  Projects  3.2  and  1.10.  Developed  under  contract  by  Gulton  Indus- 

TABLE  2.2  COMMAND  TOMS  AND  TOXK  FIXCTIONS 


Tone 

Tone  Frequency 

Time  of  Initiation 

function 

cps 

A 

11-7  min 

Turned  on  transmitter  and  minia¬ 
ture  tape  recorder  electronics. 
Also  closed  NHL  power  circuit 

In  Canister  5. 

B 

306  7 

H— 2  mil,  amt 

H— 9  sec 

Closed  microphone  circuit  and 
fired  acoustic  charges. 

C 

336.0 

— 

Capable  of  turning  off  canister 
po*er. 

D 

346.0 

H— 10  sec 

Turned  on  tape-recorder  motors 
and  locked  tone  C  out  of  opera¬ 
tion  on  Canisters  1,  2,  3,  and  4. 

E 

363.5 

h —2  sec 

Fired  the  NRL  rocket  in  Canister 

5  and  simultaneously  cut  the  No. 

5  command  receiver  out  of 
operation. 

tries,  Inc.,  the  miniature  unit  (8%  inches  in  diameter,  7  inches  long,  and  11  pounds  in  weight) 
was  designed  to  record  six  channels  of  thermal-radiation  data  on  one  magnetic  tape  and  one  - 
channel  of  pressure  data  on  the  other.  Both  tapes  were  driven  by  a  common  motor.  (The  reader 
is  referred  to  the  Project  8.2  report  for  a  description  of  the  recorder’s  thermal-radiation  opera¬ 
tion.  )  The  overpressure  unit  recorded  for  2%  seconds  at  a  tape  speed  of  15  in/sec  and  played 
back  automatically  and  continuously  at  the  same  tape  speed  into  the  canister  transmitter.  The 
unit  actually  was  to  record  the  pressure  pickup  modulation  of  the  14.5-kc  subcarrier,  a  7.35-kc 
timing  signal,  and  a  zero-time  mark  fed  directly  to  the  recording  head.  The  timing  signal  was 
supplied  from  a  canister  oscillator  and  permitted  the  monitoring  of  any  variation  in  tape  speed. 
The  zero-time  pulse  was  supplied  from  a  commercial  photocell  on  Canisters  1,  2,  3,  and  4. 
Because  pressure  data  was  telemetered  "live"  from  Canister  5,  Project  1.10  utilized  a  zero¬ 
time  pulse  produced  by  the  instantaneous  loss  of  radio  frequency  at  zero  time,  in  addition  to  a 
zero-time  pulse  supplied  by  the  NHL  instruments. 

The  nuclear-radiation  data  to  be  measured  in  Canister  5  was  similarly  to  be  recorded  and 
played  back  by  a  miniature  recorder  of  another  design.  (The  reader  is  referred  to  the  Project 
2.7  report  for  a  description  of  that  operation. ) 

The  history  of  the  miniature  tape  recorder  is  rather  involved  but,  nevertheless,  demands 
documentation.  The  recorders  were  designed  as  an  integral  part  of  the  canister  instrumentation. 
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aivl  .V'. ivory  ot  tin»*V,i  unit!*  \v.v-*  svhc.lulod  t>vr  September  1037.  When  the  reeorder*  wore  de- 
livere.Ma  lletidtx  \vi.m>rn  CViporath'ii  In  nil.t-.tiuuaiy  tO.'d,  It  wax  determined  by  personnel  ot 
Project -r  1.10  and  Hut  they  wove  not  aoeoptahlo,  because  of  mechanical  malfunctioning  and 
poor  el.-Aronic  oporaV.cn.  N«»rth.»m  Electronics  Company  ot  Altadcna,  California,  was  Induced 
to  accept  the  job  ot  improving  the  recorder's  mechanical  i^vr at  ton,  while  personnel  In  Projects 
1.10  a  ml  8.2  worked  together  to  improve  the  recorder  eteotrontea.  A  system  checkout  o I  the 
canister  and  imxlifiod  recorders  was  performed  at  Pendix  Aviation  Corporation  >iuring  the  3 
weeks  prior  to  departure  of  Project  1.10  personnel  and  the  Project  8.3  recorder  expert  to  the 
Kniwetok  Proving  Ground  (RPC). 

Puring  the  system  checkout,  in  which  recorders  and  canisters  were  operated  under  simulated 
flight  conditions  in  the  altitude  chamber,  the  canister  transmitter  was  operated  through  a  watt¬ 
meter,  rather  than  through  the  canister  antenna  (Appendix  B).  (The  wattmeter  had  to  be  used 
because  the  canister  was  operating  in  a  sealed  chamber, )  During  bench  checkouts,  however, 
when  an  antenna  could  have  been  utilized  (though  not  very  conveniently),  a  wattmeter  was  again 
employed  to  transmit  canister  radio  frequency  to  the  station  receivers,  located  some  300  feet 
from  the  laboratory.  Under  these  test  conditions,  the  canister-recorder  system  was  adjudged 
to  be  very  satisfactory,  and  the  project  personnel  hurriedly  departed  for  dry-run  commitments 
at  the  EPG. 

During  the  routine  checkout  of  the  tape  recorder  in  preparation  for  the  first  Instrumented 
canister  dry  run.  it  was  discovered  that  the  canister  antenna  was  radiating  a  minute  amount  of 
radio  frequency  into  the  tape-recorder-playback  amplifier  system.  The  amount  being  radiated, 
however,  was  magnified  through  four  stages  of  amplification,  until  the  recorder  output  had  a 
noise  level  of  6,000  to  7,000  volts.  Personnel  of  Project  8.3  made  free  use  of  radio-frequency 
chokes  and  filter  circuits  and  shielded  each  lead  connected  to  the  recorder.  In  this  manner  the 
output  noise  level  was  reduced  to  approximately  3  to  3  volts.  The  level  cf  the  recorder  signals, 
however,  was  also  expected  to  be  approximately  3  to  3  volts. 

When  it  was  finally  concluded  that  no  further  modifications  could  be  performed  on  the  recorder, 
except  under  closely  controlled  laboratory  conditions,  and  that  little  could  be  done  about  modify¬ 
ing  the  canister  antenna  system,  it  was  decided  to  replace  the  antenna  for  Canister  3  with  a  spe¬ 
cial  dipole,  as  discussed  in  Section  2.2.2. 

2.2.6  Special  Instrumentation.  In  order  to  compute  peak  overpressures  to  an  accuracy  within 
5  percent,  it  was  necessary  to  know  canister  separation  distances  to  within  1  percent.  The 
stretch  and  creep  characteristics  of  the  nylon  dragline  necessitated  a  measurement  of  canister 
separation  distances  just  prior  to  zero  time.  This  measurement  was  to  be  accomplished  by  gen¬ 
erating  an  acoustic  wave  from  a  Vj- pound  T>Tr  charge  expelled  and  detonated  2  seconds  after 
release  from  Canister  5.  Two  such  charges  were  to  be  released,  the  first  at  H-2  minutes  and 
the  second  at  R— 9  seconds.  A  microphone  on  the  bottom  of  each  canister  was  to  register  acoustic- 
wave  arrival  times,  which  were  to  be  telemetered  to  the  receiving  station.  This  information,  to¬ 
gether  with  ambient  temperature  provided  by  radiosonde,  would  have  enabled  the  distances  to  be 
computed. 

A  rigorous  static-load  test  on  identical  dragline  material  was  also  performed  during  the 
canister-development  period  in  order  to  have  additional  knowledge  of  canister  separations.  This 
data  was  to  serve  as  backup  information  In  case  of  a  malfunction  ot  the  acoustic  system. 

2.2.7  Calibration.  Calibration  of  the  canister  electronics  Is  basically  a  calibration  ot  the 
data  sensor,  subcarrier  oscillator,  and  telemeter  transmitter  performing  together  under  con¬ 
ditions  of  known  data  input,  that  is,  a  known  input  causes  a  certain  subcarrier  frequency  output, 
hi  the  case  of  the  canister  pressure  circuit,  shock-box  calibration  of  a  sufficient  number  of 
pressure  inputs  to  plot  a  curve  was  performed,  for  each  canister,  in  the  contractor’s  plant. 
Similar,  but  less  comprehensive,  calibrations  were  performed  on  the  thermal-  and  nuclear- 
radiation  instruments  at  the  contractor’s  plant  and  at  the  EPG.  For  those  instruments,  however, 
primary  calibration  centered  on  the  data-senslng  instruments,  rather  than  on  the  Instrument- 
subcarrier-transmitter  system. 
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In  addition,  tho  pos'dbiltiy  n(  sulvarrtor  oontor-froquonoy  drill  was  ohookod  sovrr.il  mtnutos 
prior  to  .vro  Umo  by  tho  rooordtni;  of  unmo<lul.itod  toloniotorod  sulioarrlors  and,  also,  by  vis¬ 
ual  notation  of  oaoh  sulioarrlor  conlor  froquonoy  nil  ground -slat  ion  motors. 

IVoauso  of  Iho  dlstiirliaiioo  of  Iho  sh,vk  flow  oausod  liy  tlio  prosmoo  of  Iho  oanlstor,  tho  pros* 
suro.  as  soon  by  Iho  oanlstor  |M;:os  < A ,  Is  not  gono rally  Iho  samo  as  Iho  froo-flohl  prossuro 
(APJ  at  hii;h  shock  stronidh*.  Thoroforo,  dynanilo  wlnd-tumiol  oalibralions  of  scatod-down 
cams  tors  woro  porformod  at  Wright  Air  Dovolopmont  Conti  r  (WADC).  Tlio  rosulta  aro  prosontod 
in  Appendix  C. 
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Chapter  3 

RESULTS 


5.1  OBSERVED  DATA 

At  about  H-2'j  minutes,  a  large  drop  In  voltage  occurred  tn  the  power  supply  line  to  the 
receiving-station  traitor.  The  drop  was  only  momentary,  but  the  current  surge  on  recovery 
was  sufficient  to  throw  the  protective  circuit  breakers  in  the  command  transmitter.  A  delay  of 
the  shot  was  requested  immediately,  in  order  to  locate  and  remedy  the  difficulty.  However,  a 
command  decision  was  made  to  fire  at  the  previously  determined  H  hour.  As  a  result,  the  com¬ 
mand  transmitter  was  Inoperative,  the  acoustic  charges  could  not  be  fired,  and  the  canister  tape 
recorders  could  not  be  turned  on.  Therefore,  no  delayed  telemetering  was  possible. 

The  ionization  blackout  at  zero  time  quenched  the  radio-frequency  signal  from  all  canisters 
below  the  threshold  of  detectability.  The  subsequent  behavior  of  the  signal  from  the  individual 
canisters  was  as  follows: 

Canister  1:  Range  was  about  7S8  feet.  No  radio-frequency  signal  was  regained  at  any  time. 
Canister  Instrumentation  is  presumed  to  have  been  destroyed  or  Inactivated  by  the  shock-sensitive 
command  relays. 

Canister  2:  Range  was  about  1,062  feet.  Signal  recovered  to  detectable  level  at  about  3.2 
seconds,  reaching  approximately  prer'.iot  level  at  about  4.65  seconds.  Signal  strength  varied 
because  of  tumbling,  damage,  or  both,  but  would  presumably  have  transmitted  data  if  canister 
recorder  had  been  in  operation. 

Canister  3:  Range  about  1,517  feet.  A  barely  detectable  signal  began  to  be  received  at  about 
1.05  seconds.  Signal  strength  was  small  and  variable,  never  reaching  the  level  needed  for  sub¬ 
carrier  discrimination.  It  is  believed  that  the  dipole  antenna  on  this  canister  was  damaged  be¬ 
yond  the  point  of  effective  operation. 

Canister  4:  Range  was  about  2,124  feet.  This  canister  had  not  responded  to  the  turn-on  com¬ 
mand  signal  before  power  failure  occurred;  therefore,  no  signal  was  received  at  any  time.  In¬ 
terference  from  the  voice  countdown  network  and  the  command  transmitter  gave  an  Indication  of 
signal  strength  prior  to  shot  time.  Another  attempt  to  activate  power  was  being  made  Just  as  the 
power  surge  occurred. 

Canister  5:  Range  was  about  3,028  feet.  Detectable  signal  recovery  began  at  about  0.09  sec¬ 
ond.  Subcarrier  discrimination  began  at  about  0.19  second.  Signal  strength  remained  strong 
until  about  1.39  seconds,  then  began  decreasing.  Subcarrters  were  lost  at  about  1.421  seconds. 
Radio-frequency  signal  was  subsequently  regained  in  short  burst'  until  recording  was  stopped  at 
about  He 3  minutes. 

A  tracing  of  the  directly  telemetered  pressure  record  from  Canister  5  is  shown  In  Figure  3.1. 
The  pertinent  data  on  the  apparent  shock  arrival  shown  on  the  trace  is  presented  tn  Table  3.1. 

Additional  information  on  the  telemetry  blackout  is  given  in  Appendix  D. 

From  radiosonde  data  provided  by  the  VSS  Boxer,  the  ambient  temperature  at  burst  altitude 
was  -48  C  and  at  Canister  5  it  was -52  C.  In  Interpreting  the  observed  travel  time,  a  mean 
temperature  of  -50  C  will  be  used  with  a  corresponding  sound  velocity  of  983  It/ sec. 

3.2  CANISTER  RANGES 

In  the  absence  of  acoustic  range  data,  it  is  necessary  to  use  the  estimated  stretched  length 
of  the  nylon  draglines  to  determine  the  ranges.  Data  has  been  provided  by  the  Materials  Test- 
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ing  Laboratory,  WADC,  oo  elongation  versus  load  and  time  for  the  1,000-pound  test  nylon  braid 
used  between  Canisters  2,  3,  4,  and  S,  and  for  one  load  (270  pounds)  oo  the  1,500-pound  test 
nylon  braid  used  between  the  nuclear  device  and  Canister  1  and  between  Canisters  1  aid  2. 

Some  extrapolation,  using  the  1,000-pound  curve  as  a  guide,  has  been  necessary  to  estimate 
the  elongation  of  the  1,500- pound  line  under  the  actual  loads  (379  pounds  between  weapon  and 

TABLE  3.1  OBSERVED  DATA  FROM  CANISTER  5 


Ambient  pressure,  P|  «  27.4  mb  *  0.397  psl 
Peak  shock  overpresiure,  AP,  »  0.141  psl 
Time  of  arrival,  T  ■  1.113  see 


Canister  1,  320  pounds  between  Canisters  1  and  2).  The  ranges  given  In  the  preceding  section 
are  the  ranges  at  zero  time,  computed  from  the  WADC  data  taken  at  3%  hours  after  deployment. 
At  this  time,  the  creep  rate  of  the  nylon  line  bad  settled  down  to  a  small  value,  so  that  the  exact 
time  under  load  is  not  important. 

The  free-fall  distance  at  the  time  of  apparent  shock  arrival  at  Canister  5  is  21  feet,  giving 
a  range  of  3,049  feet  for  this  canister  at  that  time. 
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Chapter  4 

DISCUSSION 


Tho  pressure  wave  form  shown  in  Figure  3.1  is  distinctly  atypical,  In  that  pressure  did  not  de¬ 
crease  behind  the  shock  front  but,  instead,  appeared  to  increase  slightly  up  to  0.26  second  after 
shock  arrival  time,  at  which  point  the  canister  sipnal  was  lost  for  the  second  time.  It  is  con¬ 
ceivable  that  the  increase  in  apparent  pressure  behind  the  shock  front  could  have  been  caused 
by  chanping  orientation  of  the  canister.  On  the  other  hand,  It  Is  also  possible  that  the  canister 
instrumentation  suffered  radiation  or  thermal  damage  and  the  apparent  pressure  signal  was 
actually  an  artifact  caused  by  malfunctioning  of  some  circuit  component. 

The  calculated  travel  time  to  a  range  of  3,019  feet,  computed  by  modified  Sachs  scaling  for 
the  prevailing  ambient  conditions,  is  shown  as  a  function  of  effective  blast  yield,  W^,  in  Figure 
4.1.  The  observed  travel  time  of  1.163  seconds  implies  an  effective  hlast  yield  of  about  3.S  kt. 
The  accepted  yield  of  the  device  used  in  this  shot  was  about  1.7  kt.  The  value  used  for  the  elon¬ 
gation  of  the  nylon  dragline  may  be  slightly  in  error,  but  no  reasonable  assumption  regarding 
this  factor  will  reduce  the  computed  effective  blast  yield  below  the  rated  yield,  since  even  if  we 
use  the  unstretched  length  of  the  dragline,  the  value  for  computed  effective  blast  yield  will  be 
1.84  kt. 

The  peak  overpressure  calculated  by  modified  Sachs  scaling  for  a  range  of  3,049  feet  is  shown 
as  a  function  of  effective  blast  yield  in  Figure  4.2.  As  indicated  in  Figure  4.2,  the  observed  value 
of  ap  corresponds  to  an  elective  blast  yield  of  about  0.46  kt.  B  the  range  was  less  than  the  as¬ 
sumed  3,049  feet,  the  computed  effective  yield  would  be  even  smaller.  Thus,  no  reasonable  as¬ 
sumptions  as  to  range  errors  will  secure  mutual  consistency  between  the  observed  time  of  arri¬ 
val  and  peak  overpressure.  We  must  conclude,  therefore,  that  either  the  observed  pressure 
signature  does  not  constitute  a  valid  blast-pressure  measurement.or  the  concept  of  Sachs  scaling 
with  an  effective  blast  yield  is  not  applicable  at  the  altitude  of  this  shot. 

A  possibility  that  must  be  considered  is  that  the  absorption  of  thermal  radiation  ahead  of  the 
shock  front  raises  the  temperature  of  the  air  sufficiently  so  that  it  Is  not  legitimate  to  use  the 
preshot  ambient  temperature  in  computing  travel  times.  B  we  take  0.46  kt  as  the  largest  value 
of  the  effective  blast  yield  that  can  be  reconciled  with  the  observed  peak  overpressm  e,  the  cal¬ 
culated  time  of  arrival  at  3,049  feet,  in  a  -50  C  atmosphere.  Is  1.611  seconds.  To  reduce  this 
to  the  observed  value  of  1.163  seconds  would  require  a  mean  ambient  temperature  of  *268  C, 

I.  e. ,  a  mean  temperature  increment  of  318  C.  This  Is  out  of  the  question,  since  it  may  be  eas¬ 
ily  calculated  that  to  raise  the  temperature  of  a  sphere  of  air  3,000  feet  in  radius  at  the  altitude 
of  this  shot  by  318  C  would  require  an  energy  absorption  (at  constant  volume)  of  about  2.72  x  101’ 
joules,  or  6.5  kt.  B  is  believed  that  the  most-probable  explanation  Is  that  the  apparent  pressure 
signal  is  an  artifact  caused  by  some  kind  of  damage  to  the  instrumentation. 

In  this  connection  it  will  be  recalled  that,  because  the  appropriate  command  signals  had  not 
been  transmitted,  Canister  5  still  contained  the  two  % -pound  TNT  charges  that  were  to  hare 
been  dropped  and  fired  before  zero  time  to  provide  an  acoustic  measurement  of  the  distances 
between  canisters,  and  the  small  rocket  that  was  to  have  been  fired  to  deflect  this  canister  out 
of  line  with  the  others  for  the  purposes  of  the  Project  2.7  nuclear-radiation  measurements.  It 
is  conceivable  that  thermal  radiation  may  have  cooked-off  the  squibs  that  released  the  TNT 
charges,  the  charges  themselves,  or  the  deflection  rocket,  and  thus  produced  a  spurious  over¬ 
pressure  signal.  Admittedly,  it  is  difficult  to  explain  the  comparatively  long  duration  of  this 
overpressure  on  this  hypothesis  unless  it  is  also  assumed  that  the  Instrumentation  was  damaged 
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Effective  Blast  Yield,  M 

Figure  4.2  Peak  overpressure  at  Canister  5  versus  effective  /^st 


m  sufh  .1  wav  ,i s  to  pr»\luoe  a  permanent  shut  tu  the  frequency  of  the  sulvarrlor  iMcllUtnr  that 
transmitted  t ho  pressure  sign  iL 

As  Indicated  tn  Figure  J.l.-.tn*  radio-frequency  carrier  signal  strength  from  Canister  S  began 
to  decrease  at  a  tlnio  of  aNsit  OJ9  seconds  amt  tlu?  pressure  subearrter  channel  went  Into  noise 
abruptly  at  a  time  of  1.421  seconds,  tty  referring  to  Figure  4.1  It  may  he  seen  that  these  times 
correspond  respectively  to  calculated  effective  lilast  yields  of  1.74  kt  ami  1.56  kt.  Thus  If  we 
assume  that  the  true  shock-arrival  time  occurred  somewhere  within  this  Interval,  the  effective 
Mast  yield  cannot  have  differed  greatly  from  the  actual  yield. 

lit  this  connection  U  should  be  noted  that  theoretical  calculations  by  the  Naval  Ordnance  Labo¬ 
ratory  (Reference  9),  using  the  methods  of  Reference  7,  give  a  calculated  time  of  arrival  at 
Canister  No.  5  of  1.42  seconds,  agreeing  precisely  with  the  observed  time  at  which  the  subcar- 
rter  channel  information  was  cut  off. 


25 

CONFIDENTIAL 


Chapter  5 

CONCLUSIONS  and  RECOMMENDATIONS 


5.1  CONCLUSIONS 

The  ambiguities  in  interpretation  wore  pointed  out  in  the  preceding  discussion;  therefore, 
the  only  possible  conclusion  is  that  no  detinitlve  blast  information  was  obtained  from  Shot  Yucca. 
If  ihe  time  at  which  the  subcarrier  signal  went  into  noise  can  be  identified  with  shock-arrival 
time,  an  effective  blast  yield  at  the  altitude  of  this  shot  equal  to  0.92  times  the  actual  yield  is 
indicated  by  this  one  piece  of  questionable  evidence.  The  tong  duration  of  the  telemetry  black¬ 
out  at  the  closer  canisters  and  the  possibility  of  preshock  damage  to  the  instrumentation  In 
Canister  S  suggest  that  the  radiation  environment — nuclear,  thermal,  or  both — was  more 
severe  than  had  been  expected  from  preshot  estimates. 

5.2  RECOMMENDATIONS 

Because  a  complete  set  of  backup  instrumentation  was  on  hand,  Project  1.10  subsequently 
recommended  that  a  second  balloon  shot  be  scheduled  during  Operation  Hardtack.  For  the  sec¬ 
ond  shot  the  distance  to  Canister  1  would  have  been  increased,  because  the  permanent  loss  of 
signal  from  this  canister  indicated  that  there  would  be  little  chance  of  obtaining  data  from  the 
original  distance,  whether  the  canister  tape  recorder  was  in  operation  or  not.  The  difficulties 
with  the  canister  tape  recorders  discussed  in  Section  2.2.5  refer  to  the  thermal  radiation  side 
of  the  recorder,  which  used  amplitude  modulation  (AM)  recording,  but  not  to  the  blast  pressure 
side  of  the  recorder,  which  used  frequency  modulation  (FM)  recording.  There  were,  therefore, 
good  reasons  to  believe  that,  so  far  as  the  Project  1.10  blast  measurements  were  concerned,  a 
second  shat  would  have  succeeded  in  providing  the  data  necessary  to  meet  the  objectives.  How¬ 
ever.  on  the  basis  of  other  considerations,  this  recommendation  was  not  accepted. 

Even  if  the  accidental  circumstances  of  loss  of  power  at  the  command  transmitter  at  the 
critical  moment  are  discounted,  the  available  evidence  suggests  that  telemetering  of  data  from 
points  close  to  a  very-high- altitude  nuclear  burst  is  a  problem  of  even  greater  difficulty  than 
had  been  anticipated.  1  is  therefore  recommended  that,  if  a  similar  test  is  scheduled  in  the 
future,  consideration  be  given  to  the  use  of  self-recording  Mast-pressure  instrumentation  con¬ 
tained  in  buoyant  canisters  to  be  recovered  from  the  sea  after  the  shot.  The  experience  of  other 
Hardtack  projects  Involving  instrument  recovery  at  sea  may  be  expected  to  provide  valuable  in¬ 
formation  as  to  the  relative  merits  of  telemetering  and  recovery  of  self-recording  instrumenta¬ 
tion.  Such  a  test  could  be  carried  out  from  a  small  carrier  in  the  open  ocean,  entirely  independ¬ 
ent  of  any  regularly  scheduled  test  series  at  the  EPG. 
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Appendix  A 
FIELD  TESTS 


A.  I  PIIKOl'K HATIOXA  I.  I  KS  IS 

In  March  l:>.'>7,  pictoiviv  cai)l>u*rs  non*  flown  In 
conjunction  with  Project  9.2b  (AITlit'l  Hold  tc?is  at 
San  Angelo,  Texas.  The  hastily  constructcil  canisters 
contained  a  telemeter  system,  wet-cell  leail  acetate 
batteries  which  |>ow crol  the  telemeter  transmitter  dur¬ 
ing  the  entire  flight,  accelcronwlers,  acoustic  micro¬ 
phones,  and  No.  it  seismic  blasting  squibs  wrapped 
with  prlmacord.  Two  canisters  were  flown  on  each 
flight,  with  the  Iasi  canister  on  the  dragline  containing 
the  squibs.  Baro  switches  detonated  the  squibs  at  al¬ 
titudes  from  20,004  to  70,040  feet.  So  conclusive  data 
was  obtained  from  the  acoustic-wave  distance-measur¬ 
ing  technique,  because  the  dynamotor  In  the  telemeter 
system  generated  mechanical  vibrations,  which  caused 
too  much  background  noise  on  the  microphone.  During 
the  tests,  it  was  also  determined  that  the  canisters 
were  subjected  to  g  loads  that  varied  from  2.0  to  3.3, 
depending  upon  the  canister's  position  on  the  dragline. 

The  second  series  of  canister  flights  took  place  at 
San  Angelo  during  October  1937.  A  complete  string  of 
five  Instrumented  canisters  was  available,  and  testing 
centered  on  the  command  system  purchased  from  C.  G. 
Electronic  Company  (a  subsidiary  of  Gulton  Industries, 
Inc. ).  During  tbs  tests,  an  antenna  coupler  permitted 
tbs  '4 -wave  transmitting  antenna  to  be  used  as  a  re¬ 
ceiving  antenna  for  the  canister's  command  receiver. 
After  several  unsuccessful  balloon  flights  and  many 
helicopter  flights  (In  which  a  canister  was  lowered  ap¬ 
proximately  SO  feet  from  the  helicopter  and  flown 
about  the  countryside),  the  tests  were  suspended  until 
the  C.  G.  Electronic  Company  delivered  a  more- 
elaborate  receiver  of  a  new  design.  At  this  time,  a 
haste  command-receiver  circuit  was  borrowed  from 
Project  9.2a  (Sandia  Corporation)  so  that  Bendtx  Avia¬ 
tion  Corporation  could,  in  the  interim,  produce  a  back¬ 
up  receiver  for  the  tests  scheduled  for  December. 

From  29  November  until  17  December  1957,  canis¬ 
ters  were  flown  from  balloons  and  helicopters  with  the 
same  consistent  lack  of  success.  After  exhaustive 
testa  and  modifications  on  the  receiver,  canister,  and 
receiver  antenna.  It  was  determined  that  the  canister 
antenna  was  radiating  and  conducting  radio  frequency 
into  the  receiver,  causing  the  receiver  to  shift  fre¬ 
quency.  After  radio-frequency  and  coaxial  filters  ware 
applied  io  the  C.G.  Electronic  and  the  Bend  lx  receiv¬ 
ers,  In  addition  to  enclosing  the  receivers  In  a  copper 
ahield,  the  Bendlx  receiver  was  determined  to  be  the 
more  reliable  of  Che  two.  On  the  last  balloon  flight  of 


the  series,  in  which  the  Itendix  receiver  was  being 
used,  the  canisters  Iree-lell  on  deployment,  ami  no 
data  was  obtained  from  that  flight.  It  was  com-lu<led, 
however,  that  the  command-receiver  problem  was  at 
last  resolved,  and  another  series  otbatoon  flights  was 
scheduled  for  January  in  Vernalls.  California.  The 
division  was  made,  at  this  time,  that  Bendix  would 
have  to  furnish  command  receivers  if  the  project  were 
to  meet  its  commitment. 

During  the  first  week  of  January  1930,  flight  tests 
were  initiated  at  Vernalls  Naval  Air  Station,  Vernalis, 
California.  After  two  inconclevive  flights  were  con¬ 
ducted  with  dummy  canisters  instrumented  only  with  a 
transmitter,  command  receiver,  dry-cell  batteries, 
transjiitting  antenna,  and  :.  3-foot-long  receiver  anten¬ 
na  attached  to  tbs  bottom  of  the  canister,  four  consecu¬ 
tive  successful  flights  were  obtained  with  instrumented 
canisters.  The  smaller  balloons  used  at  Vernalls  ob¬ 
tained  altitudes  of  39,000  feet.  On  the  longest  flight 
obtained,  the  command  system  functioned  perfectly  at 
a  range  of  117  miles.  At  that  particular  range,  the 
canister  was  well  below  line  of  sight  from  the  command 
transmitter,  because  the  canister  was  descending  by 
parachute  and  was  only  3  minutes  (approximately  5,000 
feet)  from  impact  with  the  ground. 

The  four  canisters  had  interna]  heating  blankets, 
which  radiated  approximately  20  watts  of  power.  With 
ambient  air  temperature  aa  average  of —SO  C,  the  in¬ 
ternal  temperature  average  was  12.5  C.  (On  one  flight 
at  San  Angelo  aa  interna]  temperature  of  17  F  was  re¬ 
corded  10  minutes  after  the  balloon  had  reached  flight 
altitude  at  approximately  37,000  feet.  During  the  flight, 
no  Internal  heating  was  supplied  prior  to  initiation  of  the 
canister’s  transmitter  10  minutes  after  it  reached  max¬ 
imum  altitude.  On  that  flight  the  canister  transmitter 
was  accidentally  Initiated  by  the  opening  shock  of  the 
dragline  parachute  during  cutdowr,  rather  than  by  the 
command  system. ) 

After  the  four  successful  flights  at  Vernalis,  the 
command  system  was  adjudged  to  be  reliable.  It  Is 
noted  that,  during  tbs  field  tests,  only  the  Project  1.13 
equipment  was  tested. 

A.2  OPERATIONAL  DRY  RUNS 

Project  1.10  participated  In  the  Yucca  dry  run  of 
5  April  at  the  EPG  with  one  instrumented  canister.  In¬ 
strumentation  to  be  checked  Included:  photomultiplier 
unit  with  neon  flasher  (Project  3.2),  miniature  tape  re¬ 
corder  (Projects  1.10  and  9.2),  command  system,  te- 
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Ic  meter  Xsk-ffl,  |i,.l  p, s>H>v 

llv|^H.i,,vt  Mw.cxMWl.  Alt.ieushpivvi.'u'  /-« 
1,1 "<  ,h,‘  "'mm.md  ,.u>«» telcmctcit  -tern  ?>vv.« 

I'li'l-  altitudex  „|  .ippiwMipaleU  ?,,i,u»  „y>.c,m  O 

v"'*°  '*"■  '.mister  i..,uu  t„  iohhvk:  h 

K-  .issimvd  th.it  the  command  -tocctv  ms 
h  M  is  net  l.i'h.d  t„  tlw>  mK,,,  d,.is|„„.,  w.i*  either 
t>ul!o,l  olt  tho  cam -ter  or  became  coded  so  as  to  N> 
ivndervd  iitetievtive.  there  is  also .» possibility  lh.it 
,V*  o.imMor  transmitter  tailed  In  .widition.  tS'  o.m- 
t.-tor  was  exposed  to  .1  t  . lilt  s.jua|l  on  doplox  ircnt. 

A  canister  instrumented  identically  to  tho  ore  uMs| 
00  S  April  was  successfully  otvr.it, si  ,ui  tho  dry  ;im  of 
s  April.  1  ho  o.imMor  wax  oomni.in.hsl  on  .nut  oil  a 
tot.il  of  eight  turn's.  including  IN'  time  of  tho  first 
II  hour  ft  Ut».  A  tm.il  battery  lifo  of  .U  minute*  was 
until  the  vJm.'U'r  into  tho  oc%'«ia.  U 

*.,*  noted  that  tho  tolomotor  system  functioned  ade¬ 
quately  .luring  the  canister**  free-fall  descent. 

During  tho  lust  «  hour*  of  canister  ohcckout  prior 
to  tho  flight  of  it  April,  it  mj  discovered  that  tho  can¬ 
ister  antenna  was  creating  radio-frequency  interfer¬ 
ence  in  the  miniature  recorder*  s  plat  bark  system. 

With  the  exception  of  the  Upe-rcoorvier  noise,  t:*  can¬ 
ister  and  components  functioned  perfectly. 

On  It  April  a  canister  with  instrumentation  identical 
Co  the  previous  canisters  m-as  flown  successfully.  Each 
of  the  components  functioned  perfectly,  except  for  the 
excessive  noise  exhibited  by  the  tape  recorder. 

Ot  IS  April  two  canisters  mere  Roan  for  the  Yucca 


htglt-evplo-tw  .In  nm.  Cant-i.-rs  weie  tiiMtuiin  mcl 
ax  l.'ll.m  *.  Canister  t-  comman.l  leceher,  telemeter 
st 'tom,  luvsMtio  gage,  a., ni'ii, •  mu- option,-.  .m,t 
aero-time  phut, K  ell  (ooinmeivi.il  lipet.  O.mi'lor  ,y 
oomm.m.1  receiver,  Colomcter  system,  pressure  R.,w.. 
aeoustie  microphone,  two 'j -pound  I  N  r  charges,  and* 
NHL  dummy  unit,  including  a  deileotion  rocket.  All  of 
the  items  nor,'  from  1‘iojo.t  Mil.  oxoopt  tho  Mil.  duni- 
nVv  unit  which  wax  from  Project  .'.7. 

The  tost  was  about  !H»  ivrcont  successful.  phe  to¬ 
lomotor  system  of  0 .mister  5  failed  prior  to  the  tirst 
soKshilnl  It-hour  ( I  hmt.  noth  oanistors  had  Iwvn  com¬ 
manded,  after  tho  HH'O-hour  launch,  at  1117,  .m, I  attain 
at  l-.'O  hours.  The  canister  transmitters  functioned 
perfectly  on  thus,'  two  occasions.  The  haltoon  altitude 
at  I -MO  hours  was  os ti mat, si  to  ho  about  70,000  r,vt. 
Fi-om  a  check  of  the  telemetered  record  from  Canister 
l  ami  from  visual  observations  aboard  the  CSS  Ifoxer, 
both  canisters  were  commanded  successfully  during  the 
flayed  H-hour  |IS53).  The  tiring  of  the  NRL  rocket 
ami  at  least  one  acoustic  charge  was  confirmed  bv  per¬ 
sonnel  aboard  the  CSS  Boxer.  The  acoustic  pulse, 
generated  from  the  -pound  charge  released  from  Can¬ 
ister  S  was  recorded  on  the  microphone  of  Canister  l. 
Therefore,  with  the  exception  of  the  telemeter  failure 
of  r'iaister  5.  the  canisters  appeared  to  function  nor- 
raan  .  Alt.augh  the  loss  of  the  transmitter  or  traas- 
n  •«.  z  antenna  compromised  the  complete  success  of 
the  flight,  the  problem  was  considered  to  be  a  rare  oc¬ 
currence.  During  previous  tests,  the  transmitter- 
antenna  system  proved  to  be  very  reliable. 
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Appendix  B 

CANISTER  ENVIRONMENTAL  CHECKOUT  PROCEDURE 


The  laboratory  checkout  procedure  titled  In  outline 
below  was  actually  a  minor  portion  of  the  total  lab¬ 
oratory  checkout.  The  modification*  and  teatinf  per¬ 
formed  on  the  mint tu re  tape  recorder  and  the  eanlater 


electronic*  were  catena! vo  In  oomparieon  to  the  baalo 
checkout  liated  below.  Appendix  B  la  included  to  in¬ 
dicate  the  acope  and  nature  of  laboratory  teata  that 
wore  continually  carried  out. 
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Appendix  C 

WIND-TUNNEL  CALIBRATIONS  of  CANISTER  PRESSURE  GAGES 


IU'vmum*  of  (ho  disturbance  of  the  t tow  caused  hv  tf*« 
presence  of  thu  canister,  the  pressure  as*  measured  at 
a  pressure-input  port  at  a  given  point  on  tho  hotly  of 
tho  canister  may  tlltfcr  appreciably  from  tho  free-fluid 
pressure,  particularly  at  high  shock-pressure  ratio*. 
If  tho  flow  hcyond  tho  shock  front  Is  assumed  to  havo 
tho  same  configuration  an  that  which  would  exist  in 


shock-overpressure  measurements  is  prosontotl  in 
Ho  fo  iv  mo  10. 

Although  tho  correction  at  tho  shock  strength  actually 
existing  at  Canister  3  is  negligibly  small,  tho  complete 
calibration  curve*  are  presented  in  figure  CM  for  pos¬ 
sible  future  reference  in  case  canisters  of  similar  con¬ 
figuration  should  bo  used  again  for  blast-pressure 


A  V?. 

Figure  C.l  Peak  overpressure  correction  curves. 


steady  flow  at  the  same  Mach  number,  a  calibration  for 
this  effect  may  be  carried  out  by  static-pressure  meas- 
urementa  in  a  wind  tunnel.  This  has  been  done  with 
1/16.4-scale  models  of  the  canisters  in  the  8 -by -6-inch 
supersonic  wind  tunnel  at  WADC,  at  Mach  numbers 
ranging  from  0.159  to  0.850  in  the  subsonic  range  and 
from  1.502  to  2.252  in  the  supersonic  rangs. 

The  theory  necessary  to  convert  the  wind-tunnel 
pressure  measurements  into  correction  factors  for 


measurements.  The  curves  are  presented  in  the  form 
of  3P|/3Pg  an  s  function  of  APg/P(,  where  APS  is  the 
free- field  peak  overpressure,  UPg  is  the  F-’ak  over¬ 
pressure  as  measured  by  the  canister  gage,  and  P,  is 
the  ambient  absolute  pressure.  In  the  figure  legend, 
4/d  is  the  distance  from  the  front  face  of  the  canister 
to  the  pressure-input  ports  expressed  in  diameters, 
and  I/d  is  the  overall  iength-to-dla meter  ratio. 
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Appendix  0 

TELEMETRY  BLACKOUT 


\*  DMltoiiAl  tn  Chapter  3,  radio  reception  »  as  recov¬ 
ered  only  from  Canister*  3  and  3  after  the  ionisation 
blackout  at  aero  time. 

For  Canister  J,  mown  «at  o«t>-  in  intermittent 


the  Initial  recovery.  This  ia  shown  In  Figure  D.l,  In 
which  the  signal  strength  In  mlcrovolta  at  the  Input  of 
the  antenna  preamplifier  ia  plotted  a*  a  function  of 
time  from  ahot  time  until  abort Iv  after  the  presumed 


TIME  (Sec) 

Flpn  D.I  Radio- frequency  signal  strength  verses  Haas.  Canister  t 


bersta,  because  a f  erratic  tumbling. _ _  age,  or  both. 

sad  no  interpretable  corse  of  rauSo-freqmncy  signal 
strength  versus  time  can  be  drawm. 

For  Canister  S,  the  signal  strength  varied  ia  a  rea¬ 
sonably  smooth  manner  far  a  brief  Interval  fallowing 


blast-arrival  time.  Because  it  is  not  certain  that  this 
canister  remained  undamaged  before  blast-arrival 
time.  It  Is  questionable  whether  the  signal-strength 
recovery  curve  can  be  interpreted  entirely  in  terms 
of  the  rate  of  decay  of  loud  ration. 
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St.,  Fklledelyhle,  Fa. 
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AO  ft—  nitle#  General,  White  lula  Fronts#  Ground,  lea 
Cruaea,  8.  Mas.  ATMt  OXOM-OI 
Al  On—nder,  Aray  Belli at le  Mladic  A*#n ay,  Orta  tone 
Araanal,  Ale.  ATMt  CRDAS-VT 

W  OoaMcdlf  Cane  ral,  Ord—  Tank  Aetoeatlre  Cn—  nd, 
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A)  General,  Ordnenea  Veeyone  Cm— wl,  pock 

Ialeed,  111. 


AA  ft— art  la#  Oanerrt,  9.8.  Any  Bleatroete  Froatn#  0  round, 
Ft.  ftiachece,  Arii.  ATM)  Teak.  Library 
A9  Coa* art  la#  Oam  ral.  DMA  Orabat  Mr* etUmec  A#eaky, 

UA  8.  It « Aland  8%..  Aril— on,  M. 

A9  01  rector,  Operatic*  Meeerck  Ofrtta,  Mm  Boyd** 

Oat  rare  tty,  6*39  Arllifto*  M.,  Bet baa A*  U,  M. 

A7  C—ertU*  Oanaral,  «.  t.  0**  Special  wiyii  —  Itlc* 
Cb— art,  Dover,  M, 

A8  ft  bbii  iir»U«Chtcf,  1.8.  Aray  Barope,  AfO  AO),  Be*  fork, 
B.T.  ATMt  Oyot.  Mr.,  W« 


■ATT  ACiTTTTMB 

Ay  Chief  of  Oaaal  CftacaUaea ,  Waahla#ko*  29,  O.C. 

ATMi  0F-O5B8 

99  Chief  of  Baaei  OyeaeUona,  n/B,  Waakla#tn*  29,  O.C. 

ASTBi  0F-T9 

91*  V  Chief  of  Meal  Me—,  MB,  Weakl*«ta*  29.  O.C. 

ATMt  Code  9U 

91-  99  Chief,  Berea*  of  Bevel  Meyoea,  OrB.  Mekfftne  29,  B.C. 
AIM:  DU -3 

99-  AO  Chief,  Ferae*  af  Bevel  M  ■#*■■.  fi.’B,  tanifVe  29.  O.C. 
ATM*  BkAB-29 

a  Chief.  Berne*  ef  0— .  B/B,  HMfrt  29.  B.C. 

42  Chief,  Bereee  «f  Ml  ye.  M,  MMflf  29,  B.C. 

tfBi  0—  A29 

43  Chief,  hi**  ef  Terte  end  BmAb,  MhaklB#an*  29, 

O.C.  ATMt  BMO 

4b  Mreaear,  9.0.  Panel  OaamaeO  taOaaehaay,  Maktagta* 

23,  B.C.  «8»  Me.  Mtharlee  O.  Cene 
49-  44  ft—,  VJ.  Mart  Or  ft  1  m  l—rty,  White  Oak, 
8U*rftrftfUi>4 

47  BUtatar,  M— 8*1  left.  (Bake  90).  Be*  IMk  Mart 
Mtyvert,  Bmakly*  1,  1.1. 

4i 


Safe.  Mr. 

\  Offlear  art  Blltahr,  IB.  Banal  Clrtl 
Ba#laaarte#  UtanUry,  Fart  Oa— ,  Cel  If . 

ATMt  Cake  L31 

18  ft— Ifi  Offlear,  9.8.  Mart  Sihaele  ft— d,  9.9. 

Banal  Matte*,  Tree— *  I  aland,  ft*  Fa— lean,  ftUf. 
^  Bnyrtet  in*ia»,  9.9.  Iml  FaHye— a  Baftaal,  Mm  in/, 
Chi  If. 

T4  ft— alia#  Offlenr.  9.8.  Fbnrt  Oner  Baheel,  IJ.  Mart 

Mm,  lay  Wert,  FI*.  _ ,  .  .  . 

77  (rtmiUl  Offlear,  IJ.  Flart  Bmar  Bakart.  9m  iMp 

47,  Calif. 

79  crfieei-iB  Clerp,  9J*  Mart  Brtert,  CM  Off  laa*  a,  8 .8. 

-  -  -art  M— ,  Cel  If. 

Tf  ftimaatia#  Offlear,  Brtlaar  ftaa#—  fka—*at  < 

Aileetu.  9.8.  8ml  Bma. 


u 


_ <U<  omor,  *.*.  M  ana*  Cmu.1  Tk, 

(war,  mi  ha,  WlIrMOU  tf,  t%.  «Hr  Me 
(Itaaw  CM. 

*  oomwui  orru.,  ur  ,ia  lire  in  Mil  J,  «*-», 

..  OU  1M>,  Otftf. 

■)  Ci-wwllr,  OffUar,  (ml  Air  uurM  (war,  naltf* 
A*l(ktf  U,  fa.  ARVi  TatUUal  Bau  ir. 

*  CaaaawAliK  CBImt,  *.».  Inal  Air  »ili|iin  C»Uf, 

Mwrllla,  N.  ATTli  M,  UUaru* 

*  r  I  "u  Of tun,  1.1.  tf  ml  IMImI  (aaura>  lauliau, 

ItlUaU  tfml  IMlml  Cwwr,  tftnMtf,  M. 


o  > 


'*  ftW*f  *:  t  lUr**«.*r,  t%v|\  V,  \l-p  « 

\  l'.s\  A.V*;  :  ^t^rr 

*'  0  *wl*P,  *  rf‘U  X%kM  ;iM|%«nl.  IVr‘*k«H»h,  V*,  *rn^ 
l>  t*iV4’*r  tat'Wt  «  M«+M-**k 

^l<V»  ‘.U'»*,  M»f‘.r.r  \*  -it#%  V««M"'4VH  ,%^  B  0 

4.'.^;  a*  !*  Aa'*H 

O  Dir*-'.*,  *rt>*  v\\rr«  UMtn*  **c«t  *.«»«* 

C*«lrr,  H\%  <<4n|Uv,  V*. 

*  V%.  «■•»•.  Uv#  *«*%!  cic  *C*vl,  Oai»  )u*«l  Air 

A»*tt.*".,  IC(t;.M|C|,  \U, 

*  CM#P,  Tl.tv^4  .f  X*v*i  >»)  «r* 'wnt  k 

* ••••  .  ?.w  \r.*s  Ki»i 

a: r  r»  ja'k  Ac:;t;r:ti 

i>  S|.  i'.uf,  »?W:  Oi’fMU.v*  »v«4«u  orfU^  (Vtu«i  tu% 
Cnl»f  .»r  V'tfthttft.'n  ©.  o, 

*‘r.  *;?!•  J??*1 1  ><«'.'»  *ut,  s».  i-.i»r,  usj  t 

(AJ\  VS-JV 1)  <*»Atr*<toa  O,  D.C, 

'  r  f  *nJI  X3.P,  *«.  C3A* 

M-l^toa  JA,  ©%C.  Arr»:  sJulUnc#  *i\J  V*«po*«  S|tk 

*  **•  *******  v^n*r%|k  «*4.  IW,  VuM&tU  ^5  ©  C 

A*TX;  BU.Orf,  Pr*.  *4.  ©IrUt.-i  * 

Co«uJ«r,  ti«Uc%l  Atr  C  mi>it  Uudo  An.  n.  Arr«* 
j*curi*j  kvtk  w  *  *  *rs*‘ 

CrIHil,P*  kXT  *****—  Cwwint,  hi  Art,  C»lor%4*, 

ATWj  AmUUiI  hr  Alcaic  Xnrrtr.  ABtflC** 

ViaraMr,  «|,  Air  mmrti  mm  fimiopMi  * — — \_ 

,  *Mww  U1»  ^Ai*k*to«  D,C,  ATWt  KAMA 
CnMntar,  Air  hm  kUUtU  N1mU«  &tv.  IQ.  aKSC,  Mr 
Fbrc«  Chit  ImI  cme»,  Lm  Az«i1m  1%  Calif,  AXTBs  mor 

'  C°!T*?^*r:_y  c“*rljr*  Caatar,  L.  a.  »aacua 

PU14,  3*lftr4,  hu.  An*:  Ch*ST^ 

C  -fui.r.  Air  hw  Sp*citi  Mmpom  htt«r,  Klrtlu4  af», 

I.  Mm.  Ami;  TWA,  hxD.  A  Xatol.  ©1*. 
Dtmtar,  Air  3talv«r* ttj  Llbruy,  HtmU  Art,  Air 
Cnulir.  Low,  hand  IKtalu  Cntar  (TV), 
towr  «,  Dw,  Colonlt. 

Cnmamaat.  Seiwl  If  ui.ua  MUta,.  Untoka  xir  (era 
*“•»  s“-  kMuct  SMnurlu 

ioo»  sp.  tipu.  *nwrm.  m.  max.  : 

eo-jotor;  wrlptt  Mr  Sml^t  Cw<r,  llrl^-Muna  3 
«1,  >r-».  CMa.  CT:  KIC  (Par  ICQU) 

««a,  TUi  osar  Uai«a  c<n«a. 

*AkO  Car*,.  1700  Mta  at.,  kaf>  lam  lea,  cal  If . 

C  1  •  faaHfaw.lwa'1  Ctr.  Ug,  Crtfm.  3 
">•  ■•!•  HO:  Skimi  Llbrar?,  Em-1 


1  '7  Cv'aaa pi  lag .  air  la  -*a t .Cl  InitlUtMt  t'Mitr,  tntp, 

wria***i-,««ar,  -^n, »rrt,  aifix-aai,.  utran 
i.  *  tnuini  OM.r  r  f.rc.  i  ,*aiu«a«aa.  ■«,.  n\an,  ai\t 
Ml.  W  t  it,  *.T.  t;-^:  7irM‘.-rai*  .-r  air  ^ruaia 
■•'i  c««ikaw'i,.v'airr,  ctift?  air  ir>t.  art' .«(,  sw 
rnnrta*.*.  caiir.  ariai  wiiu,  sH  H*>n!y 

snt*  rtfaptitwr  cr  nma  acm;?:u 

»;a  Dlml.'r  of  Mmn  »>Marra  an4  la«tMarla«.  VnMiul,,  ,-v 
e.e.  arr»;  r*ta.  utrar, 

111  caalmaa,  aiM  nrrlt»  Saploalrra  Wat?  H-ar-1,  [t'0. 

N Or, tall?  fv-lnt.  Varatr^l.t,  0*i,  D.C. 

It.*  Dtraalor.  Vaacaata  0?ataaa  tailuallott  Oraur.  It-.*  li?A)i 
ta,  Paur-It.  Vaakln^taa  .1,  P.C. 

lu-1  a  Cat *t.  Mhm  at.tala  SarMra  i#m?.  wataptaa  C5,  6.C. 
ami  itajMi  Ltaraip 

»«?  Plan  Coaaana,  Basa.  Saalla  taaa,  Ukaiuartaa, 

Ita-lia  CMukr,  Mala  t  ill,  naaa.  tolla  laa,  aiaaaaartt*, 

1%  Mm*  CTSj  PCm 

ll^-Ul  Caaakr.  Mall  twl,  ana,  Walla  Par.,  aihaawaaa, 

*.  i*a.  ana  roar 

*10  &*aaadar,  *  .1  -7 ,  arltacto,  au  Statloa,  Arl Inpto,  12,1a, 
:aj  unilitnlor,  local  IHOHIIM  111  SpaM  A  Wall. 

“**MMWa  n,  b.c.  arm, 

Mr,  la  1,  Kk>h 

Ilk  CfBHhi  Irtkllf,  ttrataM*  air  Qian  1 1,  Offatk  an. 

■aa.  arm  cm 

1^1  . . .  lilt,  1*  (toaat  O-aC,  1JOO  X.  !>,,  «,»  kaaklaMw 

i?.  a.e.  arm  (on)  * 

t  116  0.3.  3rcvaae-a  Cfflcr.  Off:.-,  ,-f  *j*  ca,t«,  statar 
Sallow  Mllltajrp  Itfrliatmia  *  33ATX.  AfO 
la,  fork.  X.  T. 

atooc  oner  ccmmita  mnmn 

|kT*la«  0.5.  atm*  ban?  Coaalaataa,  Taakalaal  Ubrarr.  ****** — 
u»  ».  a*e.  amt  Mr  a* 

130-131  lM  luaoa  aclaatlfla  laknur?,  Nfan  Liararr.  P.O. 

Xu  166),  Loa  Uavta.  X.  Nar.  133:  Salaa  ■*-*--- 
Xaodla  Otrponttloa,  ClaaalflaC  Oniraat  Slrtala,,  WU 
,  .  »**•.  Alk*araar*».  X.  «aa-  «m*  X.  J.  PjU,  Jr. 

U0*W  Oalaaraltp  of  Oallfarala  Tarrawaa  - - ,  laboratory 

P.C.  tea  aos.  Ufaiaon,  Calif.  HT9:  Clorta  0.  Crali 
170  IMfna  lata  Sactloa,  CfTlca  of  facta  leal  loftmtloa 
Xztacatoa,  Jaa  Pldja.  Taco. 

171-200  Of  flea  of  Tag  toil  cal  loTOnacloa  Cnaalca.  Oak  Pllaa. 

Tam.  (farplaa) 
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